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OF VACCTIIA VtfhJ NV-UCL APSIO

ZPO1 1WrTn in the tranel~ationl of an *rticle v* LA. ?Ietnikanzo
A.Koslcva, 0.?, Re' rvon anad V.M. Thdasntv, Jfi.tihaje of

Viroloty iment DT. i%-!1vkogo;, AMl tMU, hiosco, pbihed
tn the Rusicn-lawnago PeriLodical !s&.r 2LU~t~l ii (pro-
bitue of Virology), 1465, No. 4, A.p 7-43?, It was submitted

e14 August 19"4. ?ranflhrion perfcroed bry S5/7 Charls 7.

LA pecuillarity of the intracellular developnt of vtnnua frm the
variola roup, dtfferentith4n them from othier viruses, is the tw-Phaso
pro-cess of virion dcproteinitation. and the ib tanof viral nucleic

-ld fiom the protein qpbrknp. The fir*- Ph-ase is carried -.n in Virus
siensitive Cells iais~t,;l1v fc11iwtn the pene-tration of virt prtici-ts

by ~atsof vlxopawe"i This phage is co-&petnii in vacuoles by the I&'bars-
riota of nuloaadfv"me 06 exrerr~i Vafranea atiJ apprently is
guaranteed tby inzywea f'rcM th* a~i wall. The aecond phso is preceded
by the rsrn~Aon of 1."( vaczafli and the dtwcharnte of the aucleocepsid

into dis ~cytoplee. of the cell. Afttvrn th'cx a factot appeesi tecl
uhich *"ensr the final derprorvininvti. of irus W 11

Up until not the nAture and origin oaf thio) fsc~or hNave re. sined u-

proteinu, fmn exaple by heasting, thi. factor is not forma, and deprotein-

kacion of the virus ctasea in the first nhatt, On die other haul* the
*trfit ion, to CcUlS Infected wt10 such a Viru"N ci74 living 'itmfs from the
naltols jricoup Or the st wiNru@s viC1h iwtafirle'd mueC e.A (treated wit'h

netrd $as) 10440e tn the torwatlcn Cf this fsctPr a2C: the .talp1ttoa of
dosrcteiaztioc Of, Cc flrtfl wicbh 7k4 pn:'trrne4 iao thilfal1W.

a necesslary phase tin the ofot~e wm~tIplo reac- titin --W recuinu-
riot of then virruses

Aspuarseety t0e factor ca0Ustfthe doorizIlN of f 'ic?'.ocapetd
of rir%§es in the nfriotsl- group he# an 1ffwU1r!tic lStfV kmwuwr, Wvoiat
recentrly It tw. ToIrsin u1cler sI"wdier chilp ewiqmys fi11 code i thes drug
9T if the virus io only as trnttwcer of this tfartiir ceb in zlme cell.

In the is p'skist PaJloWn ig atteqwt is .a4m to asnq'r 'this qvuetiom. Us
esthet ow at eet43 twa are aowwa : tiff t rnx than in reently

~i-Ut- vpors* ~



CalIls. in the e~re ew used a 2-day cultumi of chick' f'br&o-
t fast cells, incuWcte1 in test tubso In ndia= NO. 19 1 with tOW 'iitttvA
of St 'ovtn seum

Vjnnna. The hzvArirstons -,,nre carr;&ed out witht mollpor vscim,
virwoe ( ewmctm strain) and cowpox virus (kD tir .itrztt), The
ailpox vaccite viru, wes irtrodui2d ivto the cell culcur* 1A a quar--it.7
of 5- 10 Ml per on0ecel)l.

For Inactivation WO used the mmlipot vaccine virtm Obtair-- S- -qAt
of ComtrWNution of a suspension of infected Chorio-sillAtois ~rano-

a-20.0k r"m for OM how' *ad remnpendqd in 4 phospfratv knUfr VIM pm
7.2-7.4. fts- titer of cbs vtrum wee i0' TD. The vim~a was hzat44 to test
tub.. in a wflas of ! al for 24-3 hours at 5CO. Pric- u, ivfeectior the4
vinm ma diluted by 10 tim.. The absence of ift tciit- lik the virusv
me deterwisad by *&am of a two-fold pessagov or thecrl-lath

Ae the resctivator we selected the cowpoaC virus *Which was inredurad4
Ato the cell culture also in a don@ il' 5-10 WVJ mn 24-3 houre before their
tait teWit heated virus.

noe iyfected Cells wre inescip~ad in 1, 2, 4" , 8", 12, R-4M I4
hews after ifaection. The presence of virus ms icterninwd after 42

S-114 frnsviw4 axW thawing *at of intfected chrto-all~otoie enros ;!4
12-dey old thick awro, *1&c wrt then irovettsted ofter 48 hoasr
faloit% infection for the presence of pltqrgca awl tsy titration to. tte

bw lutimtton reactiou.

The cellularz eutracte were prtpareid ham t*e4~al of normal d'toketa
fibroblests and from these laiecewd with atinllpo vaccine virus. A two-
day culture of chick fihrob...ic ccii., incubeted In floaks in MediumA ft.
1I", -tvs infected with the nwllpua vaccito virup in # dos of 10 Mfl per
a nill f6z 2-2% hours. Then the goosdsonbed virus nas removed an,$ the
calls ttoughly washed with physiological soluttot and neutralized vith
aittarioloua sort. The cells were revmd flLfi~ ,precipilsite. Vjry
cetrifupatios at 300 rpm for 13 minutes, then centrifuged twice at MlO
rpm. The precipitate sea torized in a potter homogenizer and resusq~enoed
it, sodim MD. I"9 up to l0t cocceneracion, IV the saam UmusT we pr~sred
the extracts fr-as cells, treated with actiwaziin DY in * does of 0.,05 If'/ul
few 16-24 hours before their tafecte with virus, In the ewpertmnts w
seed only chos.4 extracts tich did not allow te' growth of virus *arin&
tn-fold paeSegt am die chartio-ellsutois WMebrae of chick mbr~NM6, The
entreto and the flru e mre introdmc4 at th* am tme ad toi this see.
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: rcerfc.n wf~~e o introdu ~to a cutte of chick fibroblaet cells
g ceeev 2&'.&' &#* - r iultously with the virus 2 aMA 3 hoirs

"fcren Aft -T a o f houTn co.tact with tt col.a the virus woe
vme " if vith ,yr-o.ocei solution e d Atfio c * @tMi, Te cultrw,.

ui dore virus, was flushed with mtrie irs sodie c teisin

i} of *'he meIn tsl' 'o -taa e rt ictat wrs d o ~d

ROsUlts

Thcted , s t twsifgat ns,* conducted ith live intactlr z;
afd t n is~t-g b , L-y mans -f hea:in, are present#,e in Tables I and
7t,

Unde 6A tt of our txperiamnts mature virus ias detectd in
? Wsrs mft'n itf-ction Auth -live intact virus; of cc-roe during infection
Pih hettd vir ve il e virus 6i not appear. The addition of exaets

frct cdllz intc t*d v" the as viru in hours after inoculatio ,
reduced 6P lateetc p ert*-# bry 3 hcnws an. the mature vius appeared in 4
hou'r 'iloving infecton. Te periods for the appearance of mature virus
wero ,t* nm &ritg lofection both with livoecad heated virus, This
Andtcetus t at reactivati o processes took place In the Utter Case. It
should 'm note*d that twt4tracts alone, obtained In the firat 2-2k ors
after trfsctton of the -!Ias trendy mnentioned, did not contain virus.
This eitziudke th,-e possibility of ever individual virus particle@ entering
the cnltura. On the ar"_r hand, the extracts frow normal tissues in
.xportrnce with 1ive "it-us did not reduce the. periods for the appearaonce
of rhie sture - irvz and in tests vime inamctivated virus did not lead to
Its coectivstiav rwshenle shortening of the latent period was
Connected 'ith tHt' Pr-v e*~ of infc--ted Cells in the extract, thee to the
ft tr Suorantt*og L~ow x~tbrask of virus infection, in other, words, the
factor ... Ie.lg the a*rct*iniaat i of the virus particle.

Cm t orly taArruvw results wore obtained when the cells were pra-
lisinr r,1 infe-cted v~th anothier virums of the vartola roup (cow vF"'eel,
Li cortr'sct to the emli&ox vaccine virus, dich causeas the forwtiat of
large ooizet plaques c ef, rnwpcx virus formsall1 red viaqes. therefore
'htb ixii~ '%ea ae asily differnflected ona chrtio-al lautote Stmrss.

Asaepartictee apoca to & hours after infection vith smallpo vacates
virum, tht Is, .3 1'wrs oarlimr thans !a die control, both with Tlive avw

For cfeer ing up d prvbl~a concerning the origin of the factor wader
SrU4Y tit en'& tset up wi10 ectinraycin P, t# mgW into cosaieirstioe dtn
th!s antibiotic roacts .pww~fieAlly vie.., the doable thread stmitwes of

V7I/A, peeeaiMg the fnrat*i 1;4 cellular inforatfo U4A, uaceissry for

tn yedsinof proten.



The rrelimnery tr- atisent of teli culrmres witi, actincmycin D1 in a
dome of 0,O5T/ia sharply inhibited the dcelopsent of mmlipox vac-'iw
virus: The nature virus wao datc-ted only afr-r 12 homw.1 that is,-
beer. Latzr than L- the rests wpithot? actioneycin. '...s data differ
with the results of recently wvb'11htd paperi JU, They testify to Ow
&bmat caq2ete suppression of virus miltipiteation et a dome of 0,1V/l.
This zen be expU& d by the low concentrethn. of act insycin in our
e74ertmnta and probably by the grad's! d~strar±cz a! :he latter in the
c*lls, The extrs~cte of cello, infected with virus lb M4 :zac of
actsaveim, did Pot reduce the loaent perin4 of mullpcx virus develem~-

not contain the dertiiaLufactor for smelipox virus.

7Terefore, the coccluulc ,can be ande that the genetic i vrmtiou
oecerning this factar io contsand in te cellular and not the virus

&anw. Tis couclus!on is e t o supported by the fact that extracts of
itinted cells, aeiJed to seated virus * caused Mie reactivat ion of this
virus in cells treated with actinmyciu, This ise wy clearly confirmed
is aqperummuts in which the cells Ware treated Witt- an extract from cells
treated with ectiaovcim D and infected with rnsll,wm var-ins virus.

Vader such a* bxperismatel set-up the ret,. V' 'on of beet id virus

Itr clarificattau of the satunt of the Ulprot-tinixatimc facttw to-
the mclnspsid of inllpox vaccine virus, and also rIf the role of the
situ ft. this process, we used put..uyc 4 t a the inhibitor of prcesin
yA~tbais,

Itn Serte. I of th. a-perimats the do,. of pn ycir as 20 T/'%l.
Whn th. cells were treated vith chat quantity of prcnycin there we a
sharp tecresse in the lates. period of development tf Cit artilpox weccip,
,irue; the natur. virus apparsd aft@- 10 hours, that i., 3 hours let"-
thme is the control.. If the sma virus as incut,,ated in cells treatieo
With PQWW~ct and a~n ext-sct Of ifected Cells aj4de then the lAteant
priod was sharply reduced aPd the jurmycin did aot 1 top the deawicint
of virus infecti~on. In Gw erperimunts with inactivateJ virus the rehsc-
ties in the length of the latest period was lair- ax" isd, .'n general,
th. results of climes tests are siatler to the result, of the tests ic
eeiaycle, dhou* in this can protein syndicate we@ inhibited. The
dunleFmt of the virus r ae piesence of puromycto ma be explained4 by
the feet that the dos of it wee no:, vreat and could thrTifore only
reflre L, h4t sot completely bloc*, the synthesis of vi.ral proteins,
atiwe *web Sore ucraly on the sy*thesis of eSllular protetma.

Ue* the eallo wwre treated with Laxier loes of po.rowycis ( /l
of MnCe the ccMlets euppreasteM is te synthesis of alpox wee s
virur is nmwtittoee 24 how@ after isfection.



In Tabit 3 we pre-enit 6-~ rel-ults oif the 3 c-,At tnt mn .Ehe
Onflue--e of ouromycin oQ the reactivatioi of ,,teo virus. Asix an-r
from these data, trpatng the cells vith purrYc-. tmt neously or 2
and 3 hc.*u, prior to the adwivstrtiot of ' v-te w us and the excract
froev cells infected vVlh live virus prevei a the rea tivatia of th -
virus,

These data testify that -tt-iiwciu not only supprejes the synthesis
of cel-. jiiotein, but also i fluencos the factor of ucleocapsld 4e-
plotainization, which makes it possible to express the esup~-ition
concernitn its protein nature.

In addftion to this we carried out supplerentary ivetigs o -

the study of the action of puromycin om the mltlplfation of ml1pox
vaccine virus and the synthesis of the factor causing depteinization.
Taking into cc7sideration the data fto. the literature ZaM, and our data
that this iactur i fored in early ptriods following infection, puroaycin

4 es introduced in tt* first hours after infection and with 30 m:,-,uto
inrrvals (Figure 1). Tne results of these test* shoved that when puro-
wycin we administered 30 mnuts after infection, the coipleta suppression
of virus synt'rksis was o,ted uben the investigation was made 24 hours aft
infectcfn. When puroeycin me. adminIstared 1-14 hours after infection the
virus ms detected in a titer of 10- ID, after 2-2k nours the titer of
the virus in the test group of cells c -rised 10- 2 If", and tbn increased

up to 10* ID. At the see time in the control the titer of the virus was

10- . The results Gf th'se tests again urge that purowycLa supprese the

syntbhest. of smllpox wccine virus, and the compcie supressioa of virus
muit:'-&cAt' n 30 imntes after ' sction creates a fouodatiou for the
propoavl that the factor under e, -y has a protein ature and is .irwd
during tt- *arly pariods of initction.

For a ure accu.ate q.uatitativae characterization of ths 4ytemics in
the wuliplicatioa of the smllpov vaccinc virus we set up test with the
t4tration of the vir-s on chomlk-allantois membrane based on plaq"o aend
on the heoglutination reaction (the r~mction was tveed oi with live
intact virus).

In fiSurte 2 nd 3 wo oresont the data from th tests wvih live iutact
vfris. As can be seen from the*a drawings, the a4cition of extracts from

virus infected cells to the culture not only reduced the periods for the
spV-arance of the mar-e virus, but also incroases its titer. This ia
expressed still more if another virus of this group (cowpox virus) is
.added to tti culture. Treatment of the culture with actinomysn D
in-crmeac the latent period and lowrs the intensity of multiplication.
Erre the plaque method it more sensitiva than the motho,4 of virus titration
tn the hammiluination reaction. In the latter case the pertods foe the
detection of the virus are drew beck by 2 hours (tigurs 4).
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In the tests with the itat*, virus the Addition of exti. ct or hpter
ogen o smilpz viru, iads to the reactivation of this virus. Hover,
t: titers *re ou'Nhat lo e than in the tests v4th live viru,

Discus' io

A. in already know, for the synhesis of sllpox vaccine it is
sensory thAt Its M be liberated. This take. place in 2 phases, wtile
e. fVial deprot~iiaacion io accomlished due to a spcial factor, '.he
sture a** origin of wbich raooin urrlear up to :he prement time. Maere
is dobtless interest in the question of whether this factor (enzyme) is

ailed io the cell or in -be virus, or Is the latter an inducer of this

For Cleans 5N i,+ 'It: ;z '6;4 -ZIS -Ia nEet as.M,'A

sin P as an inhibitor of infnratiou DNA, necessary for the synthesis
of protein, and purycin, which io a suppress..: of protein synthesis. The
well studied . tf raictivatior *rved as the criterita for t.
dpet isiatios of -iral iuclsocapsid and the liberation of viral CMA.
Iimalt aely with heated virus, analogous variants of the eparients
wre carried out with live titact virus. The reaectivation of heated virus
m scc sawfully reproduced not orly with native cowpox virus, but alec
writ attracts obtainid from ceils lifcted with imlpox vaccine virus.
Tese data cofor. to the results of recently pubiised papers I Witch it
we drsazratod chat extracts, obtained fiu cell- of chick fibroblasts
iasf t.J with native cowpos virus, are capable of ractIvating heated vir'
already in 2 baome after infectl. n. The vihiaa reacttvet1'% act:"lity *-as

pn:nsed ,, ;ellular estracts obtaited 3-6 hours after infection. It wa
*bw sarlier /7 that the reactivating foctor, in!stigated Need an the
.asivity of W, to !Sase, is atfest*d considerably earlter. The
extracts t-v* infected ce!ls In the tests with livoe virus act the %~.o
the ccwox virus,0 that is, they shorten the period of virub initiation by
3 b~&w. All of this point* to the fact that io the inf-cced cello there
is a factor cauing the liberation of viral nucleic ectd and the st' n
yeytirPte t,? mature rirus partcles. Ramover, as it was elready stated,

it rwles unclear if this factor is coded in the c l or in th. virus, or
if it ta ladced La the coil uvder the Influence of the virus. Lig. t me
shed a his problem by dat from "rious experimats carried our with
actime la 0, shtic we wed as the sappreasor of tnforaetoo IRA; -4sent17 the noma /tfntie for tho #ynthoats of protein wa df pte44

imtreat*4 c"1140.

The ct tott extracts from cv'.st'o -t ctnwt n

fected 2 e t 11w. accime virus (period of Infection 24 hours) did

re " the prerio' of initiaio for nati vias, speeka in fa- o the
N7 fe.4r under sew,, teasing the dmproraestitn of the

6



'iUC oc0 aPgd of r 51r.4o I cin P,'~ Iacdd~ gen f h
-ell and not of the virus. This proposirlon is also sipported b" the
expeimn to in which tf;e preliLinery trestemn of thec cells vi1' mttmoyi
D did nnt prove.,t he reactivation of he~ted vjru, fol'ining the ade.timt
to the cells of the prepared factor contained in the extract of infected
cello,

he purpose of the expents wttl-. puromycn wse to clear jp he

ature f th factor under s jd-y. A purx-t.cn dos o' 20 V/al had at~aot
no influence (m the of live virus and did not inhibtt the
reacttvation of heated virus follow. g the additton of !xtracts from
infected cell.. Howver, when the cello were treated with a large doe of
puroSycin (80 V/l) the synthesis of eiilpox vccine virut was comletely
bocked and ractivation of heatee virus ws pre.inted :-st a'Itt the
*ASditton of o. extruet of es

The data obtaind testifie. to the protein ,wture of this factor,

ConMclu. ions

1. In tnt eariy stages of coll inf eion with the emllpox weccin
virus (2-2k hours) a factor to formot whic scia e tha d.rroteiaetion of
the vir.u nucleocope id,

2. This f-ctor aleo anoursoe t,, posbili ty of tho reacttitiom of
hosted vlrLa

3,. The dprote~tLxedon fac-tr Aats a pcotein rAt~te sad is t*o.4 in
the gfoo of the cell-hct.

Litara-tue

2, Abel1, P., Z. Yrobvingal., 1%). Od 94, S 249.

3. P r, I., Rol.,.. Jo .ik, WI., *t mi, N...re* , 191, v 183,
p 1t _4

4. IRaa.,, t. towahoro, I J., ftnafi , P ... , 71rolcy, 525

S. Joklmik, W.., ot &I., N1,ur . 1W%, v 1S6, p "2.

6. Jolik, V .iicloy

7. T., J_ uo~c Biol., 1 %4, Y 8, .'61

7



3 4 0 1

S~a11r*W vciva
viru.(S-0 MV

suIlo tincciner

4 n* Us wa
OI 4;o 4 I

tells "~~ SM11-

po iw ci virus i

forO" or *411)

cells amd sm,11 I
POW voct virus

SIn tho hugian ciiz*41 tOw last t-* 'Watri voro dealt v-. 'n bvoj
am raw od rynbols &Mo-t~ b-vtos tbo~ lio



I minA-Z

lea t d snaI ,'YX i
VA CC1Tn V\I-u

t, OU)' ) Y - -

vx*- ra frr,~ I~n
et &t CPId

wat --,,'S a ox

Pt ract jr na n-

mal~ cll an
hiat( smAJ Ini

vaccine vir. +

Etrac t fru ifl
it C4±L SA ) x

V A rI TW i r ; 4

ex-t- .rt I - -



o-$Pw~eL~on the reactivutiott 0t iwatw nirk.

ITinw after infectio-an muo

I NrtcinevtviCt (nocinfecj
I txous) frm infected 7eldz

Rxtnct from nxecte-,A cell&
.wid eated N-n, .I

4nt.4 rurs (0- 7 IDltup to 1

1 10



/

f r

an ip pox vccintsec vfir- ciz5 -~ trenuci Dyt~ andalp vacine irs

vacn•vrs wW nmp vcix- virus9 '~ //! I,

Figure 2. )yna~ics of develojl~et of Live ariapox vacine v€irusi aesauredI

3 - extract of cells infected wr~th wmal1? o vacizie viu sa smaIpu vscc
* vii-ts; 4 - purcacin, extract £ru celia infected with a..U'ox vacius irus

* - extrac t of cells treated with acti~mrcin D an ifected with sw 1

vacn iu a wailQ c.rsvms
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